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WIND TUNNEL TEST RESULTS OF FAIRINGS 


ON A .004 SCALE MODEL ROCKWELL SPACE 
SHUTTLE INTEGRATED VEHICLE AERODYNAMIC 

CHARACTERISTICS AT MACH NUMBERS FROM 0.6 TO 4.96 

(IA62F) 

By 

Ed Allen and Ton Haallton 
(Rockwell International) 

ABSTRACT 

Experimental aerodynamic investigations were conducted on a .004 
scale model (34-OTS) orbiter, external tank, and solid rocket booster 
combined as an integrated vehicle in the NASA/MSFC 14 x 14 inch Trlsonic 
Wind Tunnel. The primary tes*: objective was to determine the effect of 
a full length orb iter /external tank fairing on axial force. Secondary 
objectives were to define the static stability characteristics of the 
mated vehicle configuration with fairings over a Mach number range of 
0.6 thru 4.96. Six component aerodynamic force and moment data were re- 
corded over an angle of attack range from -10* to 10* at 0* sideslip 
angle and from -10* to 10* sideslip range at 0* and 5* angle of attack. 
Plotted and tabular results are presented herein. 
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ROOMCIAIURE 

General 


SBffiOL 

a 

Cp 

M 

P 

q 

rk/l 

V 

a 

fi 

P 


SADSAC 

SH4B0L 

CP 

MACH 

QOSM) 

Q(PSF) 

RM/L 

AiiHA 

BETA 

PSI 

PHI 


Ab 

b 

c 

S 


SUBSCRIPTS 

b 

1 

8 

t 

9 


pgiBinow 

speed of sound; n/sec, ft/sec 
pressure coefficient; (p^^ • p»)/q 

Mach nunber; V/a 
pressure; N/n^, psf 
dTDsnic pressure; 

unit Reynolds maiber; per b, per ft 
velocity; a/sec, ft/sec 
angle of attack, degrees 
angle of sideslip, degrees 
angle of yav, degrees 
angle of roll, degrees 
Bsss density; kg/n^, slugs/ft^ 
Reference h C.O. Definitions 

base ares; a^, ft^ 

wing span or reference span; a, ft 

center of gravity 

reference length or vlng orsn 
aerodynaalc chord; a, ft 

vlng ares or reference area; a^, ft^ 

aoaunt reference point 

Boaent reference point on X axis 

Boaent reference point on T axis 

aosMnt reference point on Z axis 

base 

local 

static conditions 
total conAltlons 
free atrean 

A 





NOMaiCUTimE (Continued) 
Body-Axla System 


SYMBOL 

SADSAC 

SYMBOL 

DEFIHITIOR 


an 

normal-force coefficient; 

qS 


CA 

axial-force coefficient; 

qS 

Cy 

Cl 

side-force coefficient; 

qS 


CAB 

base-force coefficient; force 

' -r* 

qo 

-Ab(Pb - P®)/qs 

"Af 

CAP 

forebody axial force coefficient, 


cm 

oitchlna-noBient coefficient: Vlt^n**o«ent 

Cn 

cm 

qSb 

Cf 

CBL 

roUing-monent caffldent; BHeP* 


StablUty-Axla gyatem 


^L 

CL 

lift coefficient; 

q5 

Cd 

CD 

drag coefficient; 


CDB 

qS 


CDP 

forebody drag coefficient; C^ - 

Cy 

CY 

side-force coefficient; 

qS 

c» 

CIM 


‘'n 

CLN 

qSb 

H 

CSL 


Vd 

Vd 

lift-to-dreg ratio; C|/Cq 

I/Of 

Vdp 

lift to forebody drag ratio; Cj/Cq^ 
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NOMENCLATURE 

(ADDITIONAL TO STANDARD LIST) 


SYMUOL 

DMS 

SYMBOL 

DEFINITION 

‘'ABo 

CABO 

axial force coefficient due to pressure 
force on orbiter base 


CABE 

axial force coefficient due to pressure 
force on external tank base 

^Abs 

CABS 

axial force coefficient due to pressure 
force on solid rocket booster base 

^Abp 

CABF 

axial force coefficient due to pressure 
force on fairing base 

io 

ORBING 

angle between the orbiter water plane 
line and the external tank center 
line, degrees 

n 

DELTAZ 

miniarum vertical sepeiration distance 
between the orbiter and external tank, 
inches 



orbiter base measured pressure 

^ r» 


SRB base measured pressure 



external tank base measured pressure 



fairing base measured pressure 


6 




T 

i 


CONFIGURATIONS INVESTIGATED 


As a part of the continuing drag reduction program for the mated 
vehicle a full length (orbiter) fairing between the orblter and external 
tank was tested on the O.OOA-scale mated vehicle model (3A-0TS). The 
orbiter used in this test was the vehicle 4 configuration (140 A/B). The 
tank was mc^.,ted on the stlng/balance combination with both the arbiter 
and SRB's rigidly attached to the tank. The model geometry (0.004-r 
is shown in figure ?. Figure 3 is a side view of the model Installe 
the tunnel. The configuration designation is given below: 

Orbiter (034 modified to 140 A/B) 

B26 Body 

C9 Canopy 

R5 Rudder 

V8 Vertical tail 

W116 Wing 

F7 Body Flap 

E26 Elevon 

M7 OMS pods 

T14 External tank with LOX and LH 2 Vent lines and 

LOX feed line (PT 1, 2, 3) 

PT4 LOX vent fairing on tank nose vertical centerline 

S12 Solid Rocket Booster with attach ring (PS2) and 

separation rocket fairing (PS3) 

FR4 Full length orbiter/ET fairing 

T9 External Tank 
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The speed brake^ rudder, and body flap deflections were zero tor ttie 
entire test. The orbiter/ET incidence angle was also zero, 

Ihe external tank was mounted on the TWl’ 232 balance wliich was sup- 
ported by the number 3 balance adapter and sting. The i^rbiter was mounted 
to the tank at three points simulating the forward attach point and the 
two main fuel lines for the rear attach points. The SRB*s were also 
rigidly attached to the tank. 

Base pressures were monitored at the six locations shown in Figure 
A total of four base pressures were recorded. The two tunes monitor- 
ing the orbiter ba. t pressure were **teed" together, as were the two tubes 
at the base of the external taik. The four base pressures recorded then 
were the orbiter, tank, solid rocket motor and fairing. 

Model dimensional data sheets defining the various configuration 
designators are presented in Table III. 
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TEST FACILITY DESCRIl-TKai 


The Marshall Space Flight Center 1^" x 1^+" Trisonic Wind Tunnel is an inter- 
mittent blowdown tunnel which operates by high pressure air flowing from 
str.roge to either vacuum or atmospheric conditions. A Macti Tiumber range 
from to 5-85 is covered by uuilir.ing two Interchangeable test sectionr. 

The transonic section permits terting at Mac;. O.f’O through .50, and tne 
supersonic section permits testing at Mach through Mach numbers 

between ,? and .9 are obtained by using a controllable diffuse^r. ■ 

from .95 to 1.3 is achieved through the use of plenum suction fmd perforated 
walls. Mach numbers of 1.44, 1.93 and :\30 produced by Interchangeable 
sets of fi::ed contour nozzle blocks. Above Mc^h 2. 90 a set of fixed contour 
nozzle blocks are tilted and translated automatically to produce any desired 
Mach number in .25 increments. 

Air is supplied to a 6000 cubic foot storage tank at approximately -40°F ic‘^ 
point and 500 psi. The compressor Is a three-jtage reciprocating unit dri'et 
by a 1500 hp motor. 

The tunnel flow is established and controlled with a .;ervo actuated gate 
valve. The controlle'’ air flows through the valve diffuser into the stilling 
chamber and heat exchanger where the air temperature can be controllea from 
ambient to approximately l80°F. The air then passes through the test section 
which contains the nozzle blocks and test region. 

Downstream of the test section is a hydraulically controlled pitch sector 
that provides a total angle of attack range of 20° (+10°). Sting offsets are 
available for obtaining various maxliQuis angles of attack up to 90 °. 


DATA REDUCTION 


All model forces and moments were resolved in the body axis system 
and presented in the form of nondlmensional coefficients. 

Data were corrected for weight tares and sting deflections. 

Model reference dimensions used in the data reduction for this test 
are presented below: 


P.*utAMETER 

FULL SCALE 

MODEL SCAI.E 

Reference Area =■ wing planform area 

- 2960 ft. 2 

6.i98 in. 2 

Reference Length (lref*l>ref) * 

orbiter body length » 

1290.3 in. 

5.160 in. 

Moment Reference Center, from 

tank nose on tank ^ 

670 in. 

2.680 in. 

Base A.eas 

Orbiter 

417.4 ft. 2 

0.9617 in.^ 

Tank 

572.55 ft. 2 

1.319 in.^ 

I'airing 

107.7 ir.2 

0.2482 in. 2 

SKB (2) 

402.12 ft. 2 

0.9265 in. 2 


Pitching moments were corrected for the effects of orblter and fairing 

base drag in the following manner: 

CLM « CLMU - CABF - CABO — ■ , pitching moment coefficient 

^ref ^ref corrected for orbiter and 

fairing base drag 


where 


CLMU 


My 


qSreflref * 


balance measured pitching moment coefficient 


1.337. in., vertical moment arm for orblter base drag 


Z 2 ” 0.680 in., vertical moment arm for fairing b^se drag 
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Axial torce coefficients were determined as to] lows: 


Where; 


CA = , axial force coeffic" *nt 


qS 


rer 


CAF - CA - CABO - CABS - CABE - CABF, forebodv axial force 

coef f icient 




CABO = -CPBO — ~ , orbiter axial force ‘ oeff icient 

bref 


CABS == -CAPS — — , GRB base axial force coefficient 
^ref 


CABE = -CPBE — ~ , tank base axial force coefficient 
Sref 


CABF = -CPBF — L_ , fairing base axial force coefficient 
^ref 


CPBO = 


Ph - P 

Do 00 


orbiter base pressure coefficient 


CPBS = 


Pbs - Po 


SRB base pressure coefficient 


CPBE = 


Pb - P 

«> 


tank bace pressure coefficient 


CPBF 


Pk - P 

Df a 


fairing base pressure coefficient 
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TABLE I. 


TEST-. TWT-5.e9 ( IA-62? ) 


date li-I’-T? 


TEST CONDITIO NS 


MACH 

NUMBER 

REYNOLDS 

NUMBER 

( par unit langth ) 

OYNAMI C 
PRESSUR E 

(pounds/ *q. Inch) 

S TAGNATION 

TEMPERATURE 
(d«gr««t Fonronhelt 

stagnation 

PRESSURE 

( pounds/sg inch) 

0.6 

5.0 -X 10^/ ft 


100 

22 

0.9 

6.2 

7-37 

100 

22 

i.O 

C.*7 

c - 

100 

22 

1.2 

6.7 

9.20 

o 

O 

22 

l .:.6 

6.5 

O 

✓ • 1 

iOO 

2 .- 

mm 

4.0 

5.19 

140 

30 

4.96 

4.8 

3.07 

140 

90 















































BAUNCE UTILIZED: 



CAPACITY: 

ACCURACY: 

NF 

30C lbs. 

*1.50 lbs. 

SF 

143 lbs. 

to. 72 lbs. 

AF 

50 lbs. 

±0.25 lbs. 

PM 

400 in. -lbs. 

t2 .00 in . -lbs . 

RM 

100 in. -Ibr. 

to. SO in. -lbs. 

YM 

192 in. -lbs. 

±0.96 in. -lbs. 


COEFFICIENT 

TOLERANCE: 

*0.024 

to. 012 

±0.004 
* 0.006 
to. 002 
to.oo;^ 


COMMENTS: Accuracy based on +0.5^ of balance capacity. 
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TABLE III. MODEL DIMENSIONAL DATA 


wot', C0y5C::iNT: BCOY - 


GtNE^.AL OESCillPTION: Orbiter Fusclnp.e Confipuration 140 A/b 

NOTE: R'.,- identical to Bpj oxccot. underside of fuselage refaired to 

accept 


Model Scale = .00^ 

VL70-000193 

DP.AWING VL70-0Q0140A 

DIMENSIONS : FULL-SC/LE MODEL SCALE 

Length (Pody Fwd St a = 238) - in. ' 1290.3 5 -16120 

Max. Width (at = 1520) - in. 262.0 ^>0^800 

Max. Depth (at X^ = 1464) - in. 250.0 J-000 

Fineness Ratio 4.9248 1 4.924S1 

Area - ft* 

Ma<. Cross-Sectional 340.8846 2 0.003-’*^ 

Planfom 


Wetted 


table III. - CONT. 


MODEL COMPONENT: '.-.vni-T - 


GENERAL DESCRIPTION: 

Ccr.fi ion 

t 

1 > 


• 


l-!odcl Scc.lc = .COL 


^ . VL7C-000UC.\ 

DRAWING NUMBER VT, 70 - 0 C '02 



DIMENSION: 

FULL SCALE 

MODEL SCALE 

Length (X^j=L34.643 to 670) 

235.357 

0.94li*3 

Mox Width (C. :'o=513.127) 

152.U2 

...O.AO^S 

Mox Depth (T Xq=455.C) 

25.000 

0.10000 

Finenosj Rotio 



Areo 




Mox Cross-Sectionol 
Plonform 

Wetted 



TABLE III « CONT 


MODEL COMPONENT: 




GENERAL DESCRIPTION: Ccn^ir:rc.l icn 

! 


c*;rA '^r' ir" d'flec'.’cr. of -13.7S® ird 


-1/, .-'cr c r . 

lir.? Lt ”o -■-^7.-^. 3- 

7 =r op,' p 



= . 004 

DRAWING NUMSER 
DIMENSIC h 


Vino- ccyjs.s. 


Len^lE/Xc-lf.TC to Xo=l6l3) - I!:. 
Mok Widlh - T!!. 

Mox D^pth C'o 1520) - I!!. 
Fincnass Ratio 
Arco - 

Mox Cross-Scctionol 

Plonform 

Wetted 

&ose 


:. <70-or,-ii,5 

FULL SCALE 

93.00^0 

26?.CC0 

23.020 


41.84722 


MODEL SCALE 


0. 37?. 


1. 048 


0. 092 


0. 00241 


0. 00067 
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TABLE III 


CONT 


I 


# 


MODEL COMPONErJT: 

GENERAL DESCRIPTION: Cor.fi^--ir^tion 3A 




y..~'del -■ . ")Ct- _____ 

VL70-0X1/,CA 

drawing NUM3ER , VT, 70-00^1 AS 

DIMENSION : 

Length (013 1-Vd Sta Xo=1233.0) - I«. 
Mok Width {'! Zo“1450.0) - III. 

Mok Depth Xj)=1493*0) ~ T-h 

Fineness Rotio 

Areo 

Mox Cfoss-Sectioiiol 

Planform 

Wetted 

Bose 


FULL SCALE 

327.000 
9A.5 
109. OOD 


MODEL SCAL E 

1 . 30800 

0-37800 
0. i^'^OO 
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TABLE III • 


CONT 


r.ona cc;r::;c;i; 

— - ^ - — -- - _ . _ — __ I _ _ 

GENEPvM DESCP.IPTIC:; ; Confiruration 4 

NOTE: Identical toV.iij except airfoil thickness. Dil-.crli-al anr.l'-' is alonn 


1 1 ail in; cJ:c of wing. 

Model Sc;.]'’.' = .0'.'* 


TE5T r;o. 


OlME’iSio:: 


S: 


ivif I- I . I ^ 

I'h e 0 . ) 

PI an form 
Span (Theo In. 

Aspect Patio 
Rate of Taper 
Taper Ratio 

Dihedral .-‘ngle, dagrees(at .Xq= 1506.623,Y(5= 
Incidence Anglo, degrees lOS, Zq= 282.75) 
Acixdy.ianic V',.ist, degrees 
Sv,'-ee? Eack Arg'. as, degrees 
Leading Edc"' 

Trailing Edge 
0.25 Ele-.er.^ Line 
Chords; 

Root (Thee) 3. P.0.0. 

Tip, (Thc-o) 3.?. 

I'V\C 

• Fus. Sta. of .25 itAC 
. W.P. of .25 I'.AC 
B.L. of .25 ".AC 

EXPO SED DATA ^ 

Area Onio) Ft 

Span, (Theo) In. DP1C3 

.Aspect Ratio 

Taper Ratio 

Chords 

Root BP103 
Tip 1.00 b 

MAC ^ 

Fus, Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 :'AC 

Airfoil Section (r.ock.vell Mod iTASA) 

XXXX-64 

Root b « 0.425 

? 

Tip b » 1.00 
7 

Data for (1) of (2) Sides 
Leading Edge Cuff ;> 

Planforn Area Ft*^ 

Leading Edge Intersects Fus M, L. O Sta 
Leading Edge Intersects V.'ing 0 Sta 


VL70-G‘M1.mh 
DWG. !;0, \L70-'' i: 


FULL-SCALE 


KODEL SCAIE 


2600.09 

936.0816 

2. 265 

1 .177 

0 . 200 

3. siu 
0.500 
4 3.000 

45.00 

'^DTDSTr 

35.209 


6S9..:-t,9 
137. 8'rSo 
474 ■ h 17~ 

1126. : 1 

2 91.00 
187. .3 .5-; 91 

1812.2205 

736.68)6 

2.058 

0.2451 


57 0.6230 
137. 851 2 

354.2376 

1164.237 

292,00 

239.67786 


0.113 


0.12 


118.333 

50 5.0 

1003.5 


o.ii 30 ). 

2 , 26 5 
1.17?' 
0 . 209 
3 . 5U ~o' 

njEOJl 

45. '00 
^TTTTT u 
33 . ruo" 




0.7^ 


0.02899 

2: ?v6 t T 

2.058 

0.2451 


2 . 282 k Q 

0. 

1 . 1*1695 
1 ' . iocCO 

O.Q59'i~l 


0.113 


0.12 


’OTOO i -e ? " 

2 . 02000 " 
4. 01 too 
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TABLE III - CONT. 


KOOEL COr.PO.’iENT: - E26 

GEI:£RaU ['ESCRIPTIO:.': Cor.fi^uixticn 4 

KCr:?:: VL 70 - 0?0400 rV.tc. for ( 1 ) of ( 2 ) 

sides. Identical 

to E25 t->^ccpt 

airfoil thickness 

Kodcl v7c?le = .00k 

VL 70-000200 

DRAV/ll.'G LUMBER: VL 70 -CC 014 C B 



DIHECSIOLS: 

FULL-SCALE 

nODEL S.ALE 

Area • 

223.5m 

0.00358 

Span (equivalent) in. 

■ 36P.34 

1 >A 7336 

Inb'd equivalent chord in. 

119.623 

0.U76U9 

Outb'd equivalent chord in. 

55.1922 

0.22077 

Ratio r.jovable surface chord/ 
total surface chord 



At Inb'd cquiv. chord 

0. 2096 

0.2096 

At Outb'd equiv. chord 

O.AOO4 

0.4004 

Sweep Back Angles, degrees 



. •Leading Edge 

0.00 

• 0.00 

. Tailing Edge 

-10.056 

-10.056 

Hingcline 

0.00 

0.00 

Area Hoirent (Nontal to hinge line) 

851.1502 

0.00005 




TABLE III 


CONT 





TABLE III 


CONT . 


MODEL C0:<P0NENT: R’JDDHR - R5 


GENERAL 0E*SCRIPT10N: 2A, 3 and 3A Configuration per Rock->f^ll Ur.cs 

VL70-0CO095 


Model Scr.le = .OOU 


DRAWING fiUMBER; VL70-G0C095 

DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Area - FT2 

106.38 

0.00170 

Span (equivalent) - 111. 

201.0 

0.^00 

Inb'd equivalent chord 


0.36634 

Outb'd equivalent chord 

50.833 

0.20333 

Ratio r.ovable surface chord/ 



total surface chord 

At Inb'd equiv. chord 

0.400 

0.400 

At Outb'd equiv. chord 

0.400 

0.400 

Sweep Back Angles, degrees 

• 

♦ 

• Leading Edge 

34.83 

34.83 

. Tailing Edge 

26.25 

26.25 

Hingeline 

2kt§3 

34.63 

Area Moment (Normal to hinge line)- 

- 526.13 

0.00003 

Product of Area and Mean Chord 
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TABLE III 


CONT . 


MODEL COMPONENT: External Tank T9 


GENERAL DESCRIPTION: 2A Configuration Per NR Lines VL78-000018 and '<L72-0C3C'-:' ■ 3 

Body of Revolution 


Scale Model = .004 


DRAWING N'JMSER: VL78-000018 

DIMENSIONS: 


THEORETICAL 

fujll-scajj: model scale 


ACTUAL MEASt'i-L-:) 
MODEL SCALE 


Length 1626.00 7.304 

Max. Width 324.00 1.296 

Max. Depth 

Fineness Ratio 6.13889 6.13889 

Area 

Max. Cross-Sectional 572. S5S O.OQ916 

Planform 

Wetted 

Base 572.555 0.00916 


FS (Orbiter) 0.00 » TANK Station 635. Q INFS 
WP (ET) - 400 - 344.413 = 55.587 INFS 
BP (Orbiter) 0.00 » 0.00 ET 
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TABLE 111 - CONT, 




MODEL COMPONENT; 


extfip'.’a:. - 


-U. 


GENERAL DESCRIPTION; 


NOTE; identical to Tq but with e x ternal fuel linos added . 

Model Scale = 0.004 


DRAWING NUMBER : VL78-000018 

DIMENSIONS : 

Length - in. 

Max. Width (Dia) - IN. 

Max. Depth 
Fineness Ratio- l/d 
A rea - ft^ 

Max. Cross-Sectional 

Planform 

Wetted 

Base 


full-scale 


1858 

324.0 


572.56 


MODEL CCA.r 


7.432 

1.296 


5.73457 


0.009161 



I 
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TABLE III 


co:, r 



Model Scale = 0.004 


’/L72-OOOCS8A 
DRAW! Nj : VL77-OCOG 3'IA 


OIKENSICNS: 

FULL-SCALE 

MODEL SC'LE 

Length (Includes Nozzle) - IN. 

1741.0 

6. 9640 

Max. Width (Tank Dia) - IN. 
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Figi-ire 1. Axis Systems 









Figure 3- Side View of .004 Scale Model 34-OTS Installed in the lU x l4 Ineh Wind Tninne 







Figure h. Base Pressure Measuring Tube I,ocai, i 
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